Auckland, Aotearoa/New Zealand is a culturally and ethnically diverse city. Despite popular global conceptions regarding its utopian nature, the lived experience for many individuals in Auckland attests to the substantial social, economic, and health inequalities that exist there. In particular, rapidly rising home prices constrain housing decisions and force individuals to live in less desirable neighborhoods, with potential impacts on individual health. One of the pathways through which adverse neighborhood conditions could impact health is through alterations in the functioning of the hypothalamic pituitary adrenal (HPA)-axis, which regulates the physiological stress response. This paper evaluates the relationship between perceived neighborhood safety, self-rated health, and cortisol, an end product of HPA-axis activation, among women in late pregnancy. Pregnant women living in neighborhoods where they were concerned about safety of their property had poorer self-rated health and elevated morning cortisol, even after adjusting for maternal age, material deprivation, and ethnicity. However, fear of personal safety was unrelated to self-rated health and cortisol. These results suggest that maternal health in pregnancy is sensitive to perceptions regarding neighborhood safety. Such findings are important since higher cortisol levels in pregnancy could not only influence maternal health, but also the health and development of women's children.
Introduction
Shana's life experiences, while extreme, highlight the extent to which poverty and neighborhood violence impact the lives of individuals residing in poorer sections of Auckland, Aotearoa/New Zealand, a city undergoing an immensely rapid demographic transition. There is now a sizeable literature suggesting that neighborhood safety, which varies substantially in global cities like Auckland, has important impacts on health. For example, perceived neighborhood safety has been associated with lower self-rated health (Baum, Ziersch, Zhang, & Osborne, 2009; Chandola, 2001; Ziersch, Baum, MacDougall, & Putland, 2005) , even after adjusting for individual and household level socioeconomic factors.
In recent years there has been growing interest in not only understanding how neighborhoods might influence health in one generation, but also how they might influence health in subsequent generations (Cubbin, Heck, Powell, Marchi, & Braveman, 2015; Giurgescu et al., 2015; Metcalfe, Lail, Ghali, & Sauve, 2011; Ncube, Enquobahrie, Albert, Herrick, & Burke, 2016; Sealy-Jefferson, Giurgescu, Helmkamp, Misra, & Osypuk, 2015; Vos, Posthumus, Bonsel, Steegers, & Denktaş, 2014) . As an example of this type of work, researchers have found consistent associations between unsafe neighborhoods and risk for adverse birth outcomes (Kramer, Cooper, DrewsBotsch, Waller, & Hogue, 2010; Masi, Hawkley, Harry Piotrowski, & Pickett, 2007; Messer, Kaufman, Dole, Savitz, & Laraia, 2006; Morenoff, 2003) . Since birth outcomes strongly predict health in adulthood (Barker, 2012; Lee, Fried, Thayer, & Kuzawa, 2014; Lu & Halfon, 2003) , it is important to understand some of the inter-mediate mechanisms that may link maternal experience of neighborhood safety with offspring birth outcomes.
One pathway through which unsafe neighborhoods may influence birth outcomes is by contributing to over-activation of the Hypothalamic Pituitary Adrenal (HPA)-axis. The HPA-axis is a physiological system that regulates the stress response. Short term activation of the HPA-axis is considered healthy, but over-activation can lead to pathological impacts on the HPA-axis and downstream systems it affects, such as the brain, the immune system, and the cardiovascular system (McEwen, 2005) . Cortisol, an end product of HPA-axis activation, is commonly measured as an index of HPA-axis function (Saxbe, 2008) . Cortisol can be measured by evaluating diurnal rhythm across the day, or by measuring the magnitude of cortisol response to an acute stress exposure (de Weerth & Buitelaar, 2005) . In general, higher cortisol levels across the day, as well as an elevated or blunted response to stress, are interpreted as less healthy (Miller, Chen, & Zhou, 2007) .
Cortisol levels naturally increase across pregnancy, as cortisol is necessary for fetal maturation (Glynn et al., 2007) . Perhaps because of this increase in basal levels, cortisol response to stress tends to become blunted as pregnancy proceeds (de Weerth & Buitelaar, 2005; Entringer et al., 2010) . This makes diurnal cortisol levels a more commonly studied indicator of HPA-axis function in late pregnancy. To this end, higher diurnal cortisol levels in pregnancy have been associated with pathological impacts on fetal development (Constantinof, Moisiadis, & Matthews, 2016; Seckl & Meaney, 2006; Weinstock, 2008) . As an example, diurnal cortisol measures have been associated with adverse birth outcomes in some (Giurgescu, 2009; Kivlighan, DiPietro, Costigan, & Laudenslager, 2008; Thayer, Feranil, & Kuzawa, 2012) but not all (Kramer et al., 2013) studies, and are also associated with a range of physiological and cognitive outcomes measured in childhood (Davis & Sandman, 2010; Erni, Shaqiri, La Marca, Zimmermann, & Ehlert, 2012; LeWinn et al., 2009 ). Since cortisol levels in pregnancy are associated with chronic stress exposure (Giesbrecht, Campbell, Letourneau, Kooistra, & Kaplan, 2012; Obel et al., 2005; , it is possible that chronic stress resulting from living in unsafe neighborhoods could contribute to adverse birth outcomes via elevated diurnal cortisol rhythm. In support of this hypothesis, a meta-analysis found that morning cortisol levels were higher among non-pregnant individuals who experienced poor neighborhood quality (Hosseini, Adha, Zainol, Isahak, & Nemati, 2014) . However, no prior research has evaluated whether neighborhood safety is associated with higher diurnal cortisol levels measured in late pregnancy.
In this paper, I evaluate whether variation in perceived neighborhood safety is associated with differences in self-rated health and diurnal cortisol among women in late pregnancy (34-36 weeks gestation) living in neighborhoods across Auckland. These analyses adjust for material deprivation in order to assess the associations between neighborhood safety, self-rated health, and cortisol, respectively, independent of socioeconomic status. In addition, qualitative information derived from interviews is used to provide examples of participant's actual neighborhood experiences.
Background and study context
While New Zealand or Aotearoa, Māori for "land of the long white cloud," is well known for the All-Blacks rugby team, the kiwi bird, and Lord of the Rings, this is a political economic context that has been greatly shaped by imperialism, colonialism, and the Neoliberal agenda (Larner, 1997) . A series of statistics reflect the consequences of these factors. For example, 24% of all New Zealand children live in poverty (Simpson et al., 2014) . Between the 1980s and the mid-2000s, income inequality has increased in New Zealand at a faster rate than in any other developed country (OECD, 2011). There is a strong racial component to economic inequality, with Pacific Islanders and indigenous Māori having higher rates of material deprivation compared with other ethnicities (Salmond, Crampton, King, & Waldegrave, 2006) .
Auckland is the largest and most ethnically diverse city in New Zealand, with the majority of all immigrants to the country settling there. According to the 2013 Census, there were 1.4 million people in the Auckland region, with over 517,000 having been born overseas and over 220 different ethnicities being represented. Notably, one out of three residents of New Zealand live in Auckland, and one out of three in Auckland are foreign born. The diversity in languages spoken demonstrates the ethnic heterogeneity of the population; the six most common spoken languages in Auckland on the 2013 Census were English, Māori, Samoan, Hindi, Northern Chinese, and French, respectively (New Zealand Census 2013).
Auckland is now considered the fourth most expensive city globally. Auckland home prices largely drive this trend, with the median house price being eight times the median household income (http://www. demographia.com/dhi2014.pdf). Given the unaffordability of homes, families with little financial resources are forced to live in less desirable neighborhoods. Prior research in New Zealand has found that perceived neighborhood problems were associated with psychological and social quality of life indexes (Erin, Shepherd, Welch, Dirks, & McBride, 2012) . In addition, area deprivation, an objective measure of neighborhood quality, has been strongly associated with poorer selfrated health among indigenous Māori (Bécares, Cormack, & Harris, 2013) . Studies investigating the proximate mechanisms linking neighborhood quality to health in this context have primarily focused on the availability of resources important for health. For example, one study found that poorer neighborhoods were more likely to be located near fast-food and farther from grocery stores with fresh fruits and vegetables (Pearce, Blakely, Witten, & Bartie, 2007a) . Seemingly counter-intuitively, another analysis found that individuals living in more deprived (lower socioeconomic status) areas had better access to community resources, such as recreational amenities, shopping facilities, educational facilities, health facilities and local marae (Māori meeting places) (Pearce, Witten, Hiscock, & Blakely, 2007b) . While these studies are valuable for highlighting how factors such as resource access contribute to poor health within low income neighborhoods in New Zealand, additional research is needed to assess (1) the impacts of neighborhood safety on health in this context, and (2) the physiological pathways for neighborhood safetyassociated stress to influence health, such as changes in cortisol.
Methods
This analysis reflects questionnaire, interview, and biomarker data from 64 women who were 34-36 weeks pregnant with singletons. A more detailed description of recruitment is found in Thayer and Kuzawa (2014) . In brief, women were recruited while waiting for their routine prenatal care visits from one of two prenatal clinics in Auckland, New Zealand. One clinic, Greenlane, is a community health clinic located in Central Auckland that serves an ethnically and socioeconomically diverse patient population. The second clinic, SAMCL (Serious About Maternity Care, Limited) is a not-for-profit clinic in South Auckland that serves a primarily Māori/Pacific Islander/ Asian patient population. Recruiting from these two clinics generated a multi-ethnic study sample with individuals from all five regions of Auckland. This study was approved by Northwestern University Ethics Review Board and New Zealand Health and Disability Ethics Review Board.
Semi-structured interviews
Participants were met in their homes and administered semistructured interviews. Interviews lasted approximately one hour. The survey began with basic demographic questions before asking about neighborhood quality. Women were encouraged to elaborate on any of the questions asked in the questionnaire, which are described in greater depth below.
Neighborhood safety
Perceived neighborhood safety was measured by asking participants to strongly disagree, disagree, agree or strongly agree about whether they felt personally safe in their neighborhood and whether they felt their property was safe. These questions were taken from the Growing up in New Zealand Study (Morton et al. 2014 ). For analysis, questions were broken into dichotomous "strongly agree/agree" versus "strongly disagree/disagree" categories (hereafter referred to as "agree" and "disagree"). Each of these questions was analyzed separately in the analysis.
Self-rated health
Self-rated health was assessed through the following question: "Would you say that your health is: poor, fair, good, or excellent." Answers were dichotomized as poor/fair versus good/excellent, consistent with prior research in New Zealand (Crengle, Robinson, Ameratunga, Clark, & Raphael, 2012) .
Cortisol
Since cortisol demonstrates a diurnal rhythm (Kivlighan et al., 2008) , women were asked to collect saliva samples at waking and before going to sleep on two consecutive weekdays between 34 and 36 weeks gestation. Of the 64 study participants, sufficient saliva for cortisol analysis for both times of day were available for 55 women. Samples were stored in the freezer until they were collected by the study researcher. Samples were analyzed using radioimmunoassay at Liggins Institute in Auckland. Detailed description of cortisol analysis can be found in Thayer and Kuzawa (2014) .
Covariates
Women were also asked a series of questions about where they live. Data were recorded regarding how many times women had moved in the last five years, how many months they had lived at their current address, and whether or not they owned their home. Material deprivation, an index of individual socioeconomic status, was assessed through the individual New Zealand deprivation index (NZiDep) (Salmond et al., 2006) . Women were asked a total of six questions indexing material deprivation, including whether they had gone without a series of resources over the last 12 months, such as sufficient heating and fresh fruits or vegetables. Maternal ethnicity was also collected using self-report according to the Ethnicity Collection Protocols of the New Zealand Ministry of Health (Ministry of Health, 2004) . Relationship status was recorded by asking women if they were single, partnered (married or de facto), separated, divorced, or widowed.
Statistical analysis
All analyses were conducted using STATA 10.0 (College Station, Texas). Initially a univariate analysis was conducted on all variables to assess normality. Material deprivation was not normally distributed so it was log-transformed. The relationship between neighborhood safety and self-rated health was evaluated using logistic regression. Separate models were used to evaluate the impacts of perceived safety of personal property and personal safety, respectively, on self-rated health. The relationship between neighborhood quality and morning and evening cortisol, respectively, were evaluated using linear regression. Once again, separate models were used to evaluate the associations between perceived safety of personal property and personal safety on cortisol. All analyses controlled for age, ethnicity, and material deprivation. The cortisol analyses also controlled for time of day of sample collection.
Results
Summary statistics of the sample are provided in Table 1 . Overall 9% of the study sample reported feeling personally unsafe in their neighborhood, while 17% reported that they felt their property was unsafe in their neighborhood. Table 2 presents the relationship between neighborhood quality and self-rated health. Feeling personally unsafe in the neighborhood was not associated with significantly lower self-rated health (OR=3.56, 95% CI=[0.8, 15.8]). However, concern about safety of personal property was associated with significantly lower self-rated health (OR=2.87, 95% CI=[1.07, 7.68]). Z.M. Thayer SSM -Population Health 3 (2017) 75-80 3.2. Neighborhood safety and cortisol Table 3 presents the relationship between neighborhood quality and cortisol. There was no significant relationship between personal safety and either morning (β=−0.82, SE=0.80, P=0.31) or evening (β=0.04, SE=0.52, P=0.93) cortisol. However, women who said that their personal property was unsafe had elevated morning cortisol (β=1.17, SE=0.56, P=0.04). Evening cortisol was unrelated to feelings about safety of property (β=0.03, SE=0.37, P=0.94).
Neighborhood safety and self-rated health

Discussion
This is the first study to evaluate the impacts of neighborhood safety on health among pregnant women in New Zealand. In addition, this is the first study to investigate the relationship between neighborhood safety and cortisol in pregnancy. Fear of personal safety was not associated with self-rated health or cortisol. However, perceived safety of personal property was significantly associated with poorer self-rated health and higher morning cortisol levels in this sample. This effect remained even after adjustment for material deprivation, an index of socioeconomic status.
The finding that morning cortisol, but not evening cortisol, was associated with fear of safety of personal property is consistent with prior research which reported higher morning cortisol levels in response to poor neighborhood quality among non-pregnant individuals (Hosseini et al., 2014) , but is inconsistent with several other studies among pregnant individuals that have found stronger associations between stress exposure and evening cortisol (Obel et al., 2005; . Notably, higher morning cortisol in pregnancy, when combined with a rapid decline over the morning, has been associated with reduced birth weight of offspring among primipara, while evening cortisol levels were unrelated to birth weight (Kivlighan et al., 2008) . It has therefore possible that while evening cortisol levels are more commonly associated with the majority of stress exposures that morning cortisol levels actually have greater influences on fetal growth rate. This may be due to saturation of the enzyme that converts bioactive cortisol into inactive cortisone, 11β-Hydroxysteroid dehydrogenase type 2 (11β-HSD2), during peak morning cortisol values (Venihaki, Carrigan, Dikkes, & Majzoub, 2000) . Regardless, additional studies of neighborhood safety and cortisol are needed to understand whether the influences of this stressor on HPAaxis function are actually different than other types of stress exposures, as well as the differential impacts of cortisol levels measured at various times of day on offspring outcomes.
As seen in Table 1 , concern over safety of personal property was more prevalent than fear of personal safety. During interviews several participants mentioned that their homes had been burglarized. Notably, even participants in wealthier areas were not exempt. A participant living in a neighborhood with a deprivation score of 1 (least deprived) stated that her home had been broken into the week prior to the interview. Participants also described having clothes stolen off of their drying lines, having garages broken into, and having cars stolen from in front of their homes. The numerous personal experiences of burglary and theft could contribute to the relationship between safety of personal property, poorer self-rated health, and higher morning cortisol in this sample.
While less prevalent than fear of safety of property, some women did express concern regarding their personal safety. As an example, one participant said that recreation areas were available in her neighborhood but that she hadn't used them because she was "worried about taking [her] son to the playground outside of the garden area. The neighborhood can be pretty dangerous." Somewhat surprisingly, fear for personal safety was related to neither self-rated health nor cortisol. These results are consistent with a study of African American women in Chicago that found that concern of safety of property was associated with significantly increased odds of having very low birth weight offspring ( < 1500 g), while concern of personal safety was not (Collins et al., 1998) . That said, other research has found that threats to personal safety, as indexed by living in high violence neighborhoods, can increase risk for pregnancy complications (Zapata, Rebolledo, Atalah, Newman, & King, 1992) . Therefore, more research is needed to explore the relationships between neighborhood safety, cortisol, and self-rated health across cultural contexts to determine whether or how they compare to prior studies.
While this study exhibits several strengths, such as evaluating neighborhood safety in relation to self-rated health and cortisol while adjusting for individual material deprivation, there are also several limitations that warrant mentioning. One important limitation of this Table 3 Adjusted beta coefficients and standard error for each independent variable of interest in relation to maternal morning and evening cortisol, respectively (N=55). analysis is that it is a cross-sectional study. It is therefore possible that individuals who have poor health are more likely to rate their neighborhood negatively. A longitudinal study within this cultural context would be more effective at establishing causality. In addition, current neighborhood quality may not reflect long term exposure to neighborhood conditions, since individuals often live in multiple neighborhoods in their lifetime. Adding number of moves in the last five years and length of residence at current address to the study models, however, did not significantly change any of the results presented here (Supplementary Tables 1 and 2 ). Cortisol levels in pregnancy reflect a combination of both chronic stress exposures prior to pregnancy as well stress experience during pregnancy (O'Connor et al., 2014; Obel et al., 2005; Suglia et al., 2010; Thayer & Kuzawa, 2015) . It is therefore likely that neighborhood safety is only one of several potentially important influences on cortisol levels in pregnancy. Lastly, the small sample size may have limited statistical power for some of the relationships. In particular, the small number of women who reported feeling personally unsafe could have limited our ability to detect an effect if present. Future studies in larger samples are needed to replicate the results reported here. Neighborhood quality likely influences maternal and child health through a complex combination of structural and psychosocial factors (Macintyre, Ellaway, & Cummins, 2002) . Due to prior research that found consistent relationships between unsafe neighborhoods and adverse birth outcomes (Kramer et al., 2010; Masi et al., 2007; Messer et al., 2006; Morenoff, 2003) , the measure of neighborhood quality discussed here was neighborhood safety. However other factors, including and not limited to access to resources, ability to exercise, social support, and cohesion, could also be important factors linking neighborhood quality with maternal and offspring health (Culhane & Elo, 2005; Evenson, Moos, Carrier, & Siega-Riz, 2009; Ma, Liu, Hardin, Zhao, & Liese, 2016; Metcalfe et al., 2011; Schempf, Strobino, & O'Campo, 2009) . Additional research evaluating the relationship between other aspects of neighborhood quality and maternal health, particularly in larger samples, are needed.
Morning cortisol
Conclusion
Auckland is a rapidly growing city that is experiencing a housing crisis. Remarkably, the average sale price for a three-bedroom home in the neighborhood that the participant in the opening vignette grew up in has more than doubled in the last two years, highlighting economic pressures that shape and constrain individual decision making regarding where to live. In this sample of pregnant women living in Auckland, fear regarding safety of personal property was associated with poorer self-rated health and elevated morning cortisol, while concern over personal safety was unrelated to either measure. Additional research is needed to understand what additional aspects of neighborhood quality may influence maternal health in pregnancy.
